Matrix metalloprotemases (MMPs) comprise a family of zinc endopeptidases that degrade extracellular matrix and basement membrane components. These enzymes are believed to take part in processes involving physiological and pathological degradations, such as development, differ entiation, tissue morphogenesis, wound healing, ovulation, rheumatoid arthritis, and tumor invasion (1, 2) . Matrilysin (MMP-7) [EC 3.4.24.23 ] is the smallest MMP family member, and lacks a carboxy -terminal hemo pexin-like domain conserved in common MMPs. The molecular mass of the latent pro-form of matrilysin is 28 kDa and that of its mature form is 19 kDa (3, 4) . Human prepro-matrilysin is composed of 267 amino acid residues, including 17 residues in the signal peptide and 77 residues in the propeptide (3) . It is known that the pro-enzyme is activated automatically by cleavage of the pro-peptide under physiological conditions. The pro-peptide domain contains a single cysteine residue that is involved in the cysteine-switch mechanism of activation (5). X-ray crys tallographic analysis of recombinant human matrilysin produced from CHO cells demonstrated that matrilysin is 1 This study was supported in part (K.I.) by Grants-in-Aid for Scientific Research (No. 11460040) from the Ministry of Education, Science, Sports and Culture of Japan. 2To whom all correspondence should be addressed. Tel: +81-75-753-6266; Fax: +-81-75.753-6265; E-mail: inouye@kais.kyoto-u.ac.jp Abbreviations: APMA, p-aminophenylmercuric acetate; DTT, dith iothreitol; Gdn-HCl, guanidine hydrochloride; GSH, glutathione; 2-MET, 2-mercaptoethanol; MOCAc-PLGL(Dpa)AR, (7-methoxy coumarin- (17) . Human pro-matrilysin was produced in E . coli as an N-terminal fusion protein with ubiquitin, and the insoluble protein was solubilized and refolded (18) . It was demonstrated that the kinetics and intermediates of the activation of the fusion protein with APMA are similar to those of pro-matrilysin produced in CHO cells. Most recently, it was reported that human matrilysin devoid of its pro-peptide was expressed in E. coli and purified to homogeneity by heparin chromatography after refolding of the Gdn-HCl solubilized protein (19) , indicating that the pro-peptide is not essential for proper folding or stability. Notwithstanding the previous efforts, the procedures reported so far for the refolding of recombinant proteins from inclusion bodies are still based on empirical trials, and efficient procedures are not always formulated.
In this paper, we describe the effects of a non-ionic detergent, Brij-35, and charged amino acids, especially iArg, on the refolding and recovery of human matrilysin from inclusion bodies formed in E. coli cells, and propose an effective procedure to prepare active matrilysin in good yield. kDa protein is prepro-matrilysin, and the 30-kDa protein might be a pro-matrilysin species formed by limited proteolysis of the 31-kDa protein during the formation of inclusion bodies and/or during solubilization. The inclusion body preparation was subjected to the refolding procedures in the presence of 1.0% Brij-35 or 1.0 M L-Arg, and then was applied to cation-exchange HPLC on a TSKgel SP-5PW column. HPLC of the solution treated with 1.0 M L-Arg was difficult because of the high ionic strength. In order to bind the pro-matrilysin species to the gel, the L-Arg concentration must be below 1nM, and repeated dialysis and gel-filtration procedures were needed. On the other hand, the solution treated with 1.0% Brij-35 was 
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marin-4-yl)acetyl-L-Pro-L-Leu-Gly-L-Leu- [N3-(2,4- dinitrophenyl)-L-2,3-diamino-propionyl] -L-Ala-L-Arg- NH, [MOCAc-PLGL(Dpa)AR, Lot 480429] and MOCAc- L-Pro-L-Leu-Gly (MOCAc-PLG,Lot 471218)
DISCUSSION
Refolding of Pro-Matrilysin-A procedure introduced for the refolding of MMP-3 has thus far been commonly used to refold other MMPs (15) . In this procedure, the refolding buffer is composed of 50mM Tris-HCl (pH 7.5), 0.15M NaCl, 5mM CaCl2, 0.05% Brij-35,0.02% NaN3, 0.1 mM Zn-acetate, and 10mM oxidized GSH. A shortcoming of this procedure is the high cost due to GSH when applied to the large-scale preparation of MMP. We have modified this refolding buffer for the refolding pro-matrilysin, and show that 1.0% Brij-35 or 1.0 M L/D-Arg can be used preferably, and that GSH can be omitted from the refolding 
